ABUNDANCE AND SURVIVAL
OF

JUVENILE CHINOOK SALMON
IN THE

SACRAMENTO-SAN JOAQUIN

ESTUARY

1991 ANNUAL PROGRESS REPORT

FY 91 WORK GUIDANCE
JUNE, 1992
SACRAMENTO-SAN JOAQUIN ESTUARY
FISHERY RESOURCE OFFICE

U.S. FISH & WILDLIFE SERVICE
STOCKTON, CALIFORNIA

WRINT-USFWS-9

EXHIBIT SJRGA-34

426



ABUNDANCE AND SURVIVAL
OF

JUVENILE CHINOOK SALMON
IN THE

SACRAMENTO-SAN JOAQUIN

ESTUARY

1991 ANNUAL PROGRESS REPORT

FY 91 WORK GUIDANCE
JUNE, 1992
SACRAMENTO-SAN J OAQUIN ESTUARY
FISHERY RESOURCE OFFICE

U.S. FISH & WILDLIFE SERVICE
STOCKTON, CALIFORNIA

WRINT-USFWS-9

e

-



Table of Contents.......

Introduction...vveeesesn

Sacramento River Delta..

Fry Abundance.....

Fry Survival......

Smolt

Absolute Smolt Production..

Smolt Survival....eevennan.

Abundance...

Unmarked Fish.....

TABLE OF CONTENTS

LRI I I

..

s s e

" v a8 e

s 4 s 80

"Natural"” Smolt Migration Rate......

Unmarked Hatchery Smolt Migration Rate.........

-Marked Hatchery Smolts.......
Coleman Hatchery Smolt Contribution.......... .

Winter-Run RecoveriesS.........oe...

Coded
Model
Smolt
Ocean

San Joagquin

Wire Tagged (CWT) Survival - North Delta........

Verification.........

Migration Rate

----- L

Recovery Data From Pas:t Experiments.

Deltai.iciceinainnnnnnss

Modeling Efforts in 1531.....

South Delta CWT Experiments..

Fish Facility Recoveries.....

Model Verification......

Future NeedS.....ceeee..

Arz2ndicesS..ecveena. R S

------

4 v e o8 e e

LI I BT IR “ e a
D I I
4% e e s s e s e e e
L R LI R R “ e e s e
+ 4 % s s e e + s e s e

LR R I SR -

4% e e e veeena e e e s e
N R
“ s e e e e e s 800090
L I I I I R R LRI

---------- L R

30
35
38
38

44



1991 Annual Report
Sacramento/San Joaguin Estuary Fishery Resource Office

U.S. Fish and Wildlife Service

Introduction

H

Work in 1991 by the Sacramento/San Joaquin Estuary Fishery

Resource Office, was conducted to update and refine our knowledge -
of the factors influencing young salmon abundance, distribution
and survival in the Sacramento/San Joaquin Estuary. This

information is being used to develop recommendations to water

users and the Statz Water Resources Control Board on how impacts

fronm the present oreration of the Delta can be lessened.

During 1991 special ermphasis was placed on broadening our
understanding of salzon smolt survival through the San Joaguin
Delta and specifically how a barrier in the South Delta at Upper

0ld River could improve San Joaquin salmon smolt survival.

Overazll objectives of the Interagency Salmon Study are to:



1. Monitor the abundance of fry and smolt chinook salmon

rearing and migrating through the Delta.

2. Determine the impacts—of water development withirn the

Delta on the abundance, distribution and survival of juvenile

fall run salmon.

3. Identify management measures that could lessen the

impacts of water project operations on salmon using the Delta and

lower embayments of the Estuary.
lements of the Study in 19351 were:

Continue our Beach Seining survey to estimate the

abundance of fall run fry January through March as in past years.

Continue our midwater trawl surveys in the North Delta

-—

(Sacramento) and Chipps Island to estimate the abundance of fall

run smnolts both entering and leaving the Sacramento Delta and

Central Valley respectively.

Use mark and recapture studies to determine the survival

of fall rin smolts under varied environmental conditions.

Specific questions were:

a. What is the survival of fish released in the

Sacramento River under extremely low flow

conditions and low temperatures?

b. Where is the greatest mortality taking place in the

South Delta?



Could a barrier placed at the head of Upper 01d
River increase smolt survival through the San
Joaquin Delta? e
d. What is the role of exports on survival with

and without a barrier in place? |
e. What is the impact of bringing more water to the
export pumps via Lower dld and Middle Rivers with
such a barrier in place on both the Sacramento and

San Joaquin basin fish migrating through the South

and Central Delta?

Use data generated by the ocean fishery to confirm past

conclusions based on trawl recovery information.

II. Prcgram Elements

SACRAMENTO RIVER DELTA

Fry Abundance

dbundance of fall run fry in the North and Central Delta was

-

extremely low during January - March of 1991, and the lowest we

have observed since 1977 (Table 1). The 1991 North Delta data

continues to support past findings that fry abundance in the

Horth Delta in general decreases as inflow to the Delta declines

(Figure 1).



Table 1. Ave 1ge catch per seine ha. of Chinook salmon fry in
the Northern and Central Delta and Lower Sacramento

River, January through April, 1977 through 1991.

FALL RUN

Northern Central Lower

Year Delta Delta Sacramento
1991%* 3 3 32
1990%* 31 4 11
1989%* 11 4 25
1988* ‘ -ll 5 : 9
i987%* _ 14 4 18
1986 30- 10 27
1985 10 3 i
1984 11 & 9
1983 39 9 30
1c82 21 4 23
1981 12 2 23
1980 17 2 ns
1979 _ 33 6 ns
1978 16 ns - ns
1877 0.4 ns ns
n = 12 9 7

n = The number of seining stations in respective
areas of the Delta or Sacramento River.

* = January through March sampling period.

ns = Not saapled.
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Figure 1. Mean chinook fry catch per seine haul in the North Delta

versus mean Feburary Sacramento River flow at Freeport.
O Outlier values waere not used In regression calculation.



In 1991 our abundance index in the Lower Sacramento River was the
highest ever measured since the sampling began there in 1981.
This estimate was high mainly due to an unusually high catch of
648 fry at one of our stations (Ward’s Landing) on March 20.
Catches in all areas of the Delta and at ﬁost stations increased
during March after heavy storms and precipitation increased river

flows around the 5th and 6th of March. Presumably the fry
recovered in late March in the Lower Sacramentc Rivar area
entered into the North Delta after aur seining concluded on March

22 or moved through the Nerth Delta later in the season as

smolts.

The data appears to show that the majority of fall run salmon fry
in 1991 remained and reared upstream until the flows increased in
March (Figure 2)}. This conclusion iIs further supported by the
change in mean size of salmon fry in our beach seining catches
over time (Figure 3). Generally there were two fry populations
p:eéent in 1991, with the first group entering the Delta with a
slight increase in flow in early February, at an average size of
about 38 millimeterg. These fry grew to an average size of about
£3 millimeters by the first of March. The sacond gfoup of émall

fry (also around 338 millineters) entered the Delta aliter the

large increase in flow in early March and increased in size to

about 48 mm by the end of March.
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Figure 2. Chinook fry captured per seine haul during beach seining
at three areas in the Delta and Lower Sacramento River in 1991.
Hcrth and Central Delta catches were combined and averaged.
Mean daily river flow was measured at Freeport from January 1 to

March 24, 1391.
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Figure 3. Mean fork length of chinook captured In all areas of the
1991 beach seining survey. Winter-run chinook wers excluded
from length calculations. Mean daily river flow was measured at
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During February and March of 1991 about 11 million fry from
Coleman National Fish Hatchery were released at various locations

in the Upper Sacramento River. It would be helpful in

understanding the behavior of both the "natural'" and hatchery
fish if it was possible to separate out the two stocks in our

sampling. In the future marking at least part of this production

may help us to identify the "natural" and hatchery components.

It is very difficult to assess the absolute abundance of fry

within the Delta and their relative significance to the total

Froduction of the Central Valley. From December of 1991 until

June of 1992 a pilot program will be initiated to answer this

questién by indexing all the fall run production (both fry =z..d

smolts, concurrently) moving intc the Sacramento Delta over the

course c¢f the season. Bv estimating the number of fry and

szolts passing by Sacramento over the entire season, and by
estinating the differential survival between smolts and fry we

will zttempt to determine the significance of the Delta on each

W

b e
1ifs stage.
Fry Survival

aring 1991, no marked fry wers released in the Delta in order to

@)

ncrease the number of markzd smolts available for release during

Epril znd May. However, ocean recovery rates from fry released

ir. past vears are provides in Apprndix 1.

)



Smolt Abundance

Abundance at Sacramento

In 1991, a fourth year of trawling in the North Delta was done on

the Sacramento River about five miles downstream of Miller Park,

the same site used in 1988 and 1989. The sampling site in 1990

was near the town of Courtland, about 21 miles closer to Chipps

Island, than the Miller Park site.

Approximately ten, 20 minute tows were made 3 tinmes per week
between April 15 and June 12 to index the number of smolts

migrating into the Sacramento Delta.

The annual mean (fish per 20 minute tow) of salmon srolts passing
Sacramento in 1991 was 41.6, about one-half that observed in 1988
and 1989, but greater than that observed in 1990 (Table 2). We
would perhaps expect to see a greater number at Sacranento than
at Courtland (1990 trawling site) because the fish experience

some mortality as they migrate downstream from Sacramento to

Courtland. We also believe that the estimate in 159C was low
because we inadequately sampled the Coleman fish as they were

passing Courtland that year.

10



Mean catch of salmon smolts per 20 minute tow at
Sacramento during April through June of 1988
through 1991 and at Courtland in 1990.

Taple 2.

Year April May June Annual Meap i/
1991 59.3 60.9 4.8 41.6
1990 26.3 433 10.9 30.7
1989 22.0 1373 6.4 80.0
1988 27.4 208.4 4.8 80.1

1/ Annual mean = Index for April, May, and June
divided by 3



This would indicate that in general, smolt abundance in 1991 was

less than in the last few years. Considering both low Sacramento

basin escapement in the fall of 1990—and the continued drought

conditions this is not surprising.

In 1991 we estimated the absolute abundance of smolts passing
Sacramento, based on the efficiency of our trawl and the number

of unmarked fish caught in our trawl during our sampling season.

We estimated the efficiency of our trawl by recovering fish in

cur Sacramento trawl that were released at Miller Park. Although

we only released two groups at Miller Park in 1991, we actually

used four unique tag codes (two codes per release group). Our

efficiency estimates are based on the recovery of the two tag

codes released at Miller Park on April 25. We restricted

ourselves to these two codes because our sampling effort was nct

as great for the group released on the 29th.

Recoveries were only used that occurred on the 26th of March and

we assumed the majority of fish were vulnerable to our trawl on

that day.

We also took into account our sampling effort (180 minutes) on

March 26, which was 12.5% of th= total number of minutes that day

(1440) . Dividing the number of fish recovered from each tag

group by v, where y = the number released times the fraction of

12



time sampled (.125), we estimated the efficiency of the

facramento trawl to be .0064.

Following the same methodology we used for expanding our Chipps

Island catch (Appendix 12, p. 125, USFWS Exhibit 31, 1987)

results in an absolute estimate at Sacramento of around 33

nillion smolts.

This 1s the first year we have made these estimates. However, if
you assume the efficiency of ocur trawl is the same between vears,

it would Dbe possible to estimate absolute estimates for past

vears.

Additional efficiency work is also warranted to confirm our

absolute abundance estimates.

Because there 1is considerable variabili-y in our catches between
days at Sacranento, sampling cnly 3 days per week may not be
adeguate to estimate absolute numbers. We have been limited by
the numkers cf available Interagency boat operator personnel and
are exploring the possibilities of obtaining a smaller trawling
cr push net vessel to use at Sacramento that both our boat

cperatcr staff as well as biologists could operate.

Th2 distributicn of fish recovered at Sacramento in 1891 is shown

o

irn Figurec 4. We found a greater percentage of the total



S00
s Sacramento

400 |- - — Chipps Island
2 ::
(=] 2
- st
g 300 I
s . :
£ T
E !
o = -
™~ : :

- § - 2

a 200 :- :-

£ - H

Q s .

= : .

[-+] 3 .

o . .,

100 { : r
0 l dggaednd
% 4429 B/13 5127 6/14
5/6
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production migrating in April (Table 3) than in past years and is

undoubtedly due to approximately 6 million smolts released at

Princeton between April 22 and May 6. The peak of these hatehery

fish were observed on April 29 and was 409.8 fish per 20 minute

tow.

Knowing when the peak influx of smolts enter the Delta is
critical to evaluating the benefit of varied salmon protective

measures and to scheduling implementation of the measure.

Lt was interesting to note that a total of 8 CW1/2T smolts were
recbvered at Sacramento that were released as fry on March 4 and
8 at Coleman National Fish Hatchery and Red BluffVDiversion Dam,
respectively. We recovered them between April 15, our first day
of trawling at that site for the season and May 3, which would
indicate that perhaps some of these fry had migrated past our
trawling'site béfore.April 15. Additional sampling at Sacransnto
in 1992 may allow us to better track when up river rel.eased
marked fry are moving into the Delta and perhaps estimate

survival for them as a group. Inferences could also be made

about the survival of unmarked fry released from Coleman NFH and

their relative contribution to the production.

Abundance at Chipps Island



Table 3. Distribution (percent) -»f total midwater trawl catch of
Chinook smolts by monti. at Sacramento from 1988 through

1991 and at Courtland in 1990.

Year Mpril . May June
1991 47 49 4
1990 33 54 13
1989 6 91 3
1988 14 83 3

X (1988-1991) 26 - 68



The mean catch/per 20 minute tow at Chipps Island for April, May

and June of 1991 was 14, 72 and 12, respectively. The annual

index was 12.5. The lowest index observed since 1978-was 10 in

in 1983.

7]

1984 and the highest was ¢

The annual index in 1991 was lower than that obtained in 1989 and

199C (19 and 20 fish per tow, respectively) and sirmilar to that

obtained in 1988 (12 fish per tow). All four years have been dry

or critical water year types.

The comparison of indices at Chipps Island and Sacramento in 1989
and 1991 supports the conclusion that abundance at both sites was

lower, by about half, in 1991 of what it was in 1983 (Table 4).

Tre catch distribution over time at Chipps Island also is
provided in Figure 4. The najority of fish passec Chipps Isiand
irn May (72%) and the least in June (12%) (Table 5). In June of

1980 and 1591, we hacd more outnigrants passing Chipps Island than

we had in recent past years. Terperatures in early June of 1590

and 1991 were somewhat more favorable {66°F and 68°F,

respectively for June 4th of koth years) and may have allowed the

protracted migration to occur.

Since 15985, we have found a sraller percentage of the annual

nunber of outmigrants in June and a greater percent in April

(Table 5 and Figure S). This may be due to the fact the warmer,

Lif



Table 4.

Smolt Abundance indices at Sacramento and
Chipps Island from 138. to 1991.

1988
1989
1950

1991

Sacramento
80

80
31*

42

Chipps Island

12

19

20

12

* Actual sampling site was Courtland in 1990.

14



Distribution (percent) of total midwater trawl catch of

Table 5.
chinook smolts by month at Chipps Island from 1978 to
1991.

Year April May June
1978 a7 40 33
1979 is 52 29
1980 14 34 52
1981 34 s0 16
1982 18 49 33
1983 18 49 32
1984 }l 66 23
1985 26 63 11
1986 237 55 8
1987 | 44 | 54 2
1588 27 70 3
1889 29 62 9
18S0 s v 56 12
1991 14 72 12

X (1978-1991) 26 54 20
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Figure 5: Percent cf Chipps Island Catch by month between 1978 0 1991,




drier years which account for 6 out of the last 7 years, cause

fish to grow faster and thus migrate out sooner, or perhaps the
fish that historically migrated later are having high mortality
and thus have been genetically removed from the population. The
primary reason appears tc be that the mass release of Coleman

hatchery fish beginning in 1955 shifted the hatchery release

schedule to earlier in May and in 1991 to late in April.

Absolute Smolt Produc*ion

We estimated the total nunber of fall-run smolts passing Chipps

Island from April through June in 1991 to be about 17 million
(See Appendix 12, p. 125, USFWS Exhibit 31 for methods), which
was somewhat less than that estimated in 1989 and 1350 (21
million). Average efficiency of the Chipps Island trawl for vears
1380 to 1984 was .0C35. This value is used in calculating

absolute abundance and compares to a value of .0053 for the

Sacramento trawl.

S5ince our sampling at Chipps Island began in 1978, we have fourd
our lowest measure of absolute smolt abundance in 1934 (12

nillion) and the highest measure in 1983 (53 million). If our
estimate of smolt survival tc adult in the ocean fishery is
approximately 2% then the number of adults in the ocean fishery
from the 1991 Central Valley juvenile outmigration would be

around 240,000. Between 1520 and 1530, Central valley stocks

21



have averaged 365,000 fish in the ocean fishery (Cantral Valley

Salmon and Stéelhead Restoration and Enhancement Plan, 1990).

Fall run accounts for about 80% of the total Central Valley

éscapement (Central Valley Salmon and Steelhead Restoration and

Enhancement Plan, 1990), (Appendix 2), thus we would estimate

that about 300,000 of the ocean catch was fromn fall run stocks.

However, our estimate at Chipps Island does not include any

juveniles reared at Feather and American River hatcheries and

released downstream of the Delta, thus we are either

‘overestimating the number of juveniles at Chipps Island or the
survival rate in the ocean is actually lower than estimated.
Ocean recovery estimates for fish released at Port Chicago has

ranged between .3 to 3 percent from 1978 to 1988 reflecting the

full variability (Appendix 3).

It is important to note that releasing hatchery fish downstream
of the Delta since the early 80‘’s has allowed escapemant back to

the American and Feather Rivers to be relatively stable over time

(Appendix 4 and 5). Only the first 2 years (1987 and 1988) of

the 6 year drought has been exhibited by the generally lower

returning adult populations in 1989 and 1990.

Coleman National Fish Hatchery has been able to increase their

production which is reflected by the larger returns to Battle

Creek in the last few years (Appendix 6). The Sacramento River

22



naturally spawning populations are experiencing significant

reductions in. escapement 2-d production since the 1950’s and 60’

(Appendix 2 and 7).

Smolt Survival-Unmarked Fish

Qur trawling at Sacrazento began on April 15 and we estimated a

total of 33 million smolts at that site. We also estimated 17

million smolts at Chipps Island and if we assume very few of the

socles et Chipps Island are the result of fry rearing in the

Delta (substantiated by ocur low North Delta beach seine index),

and few are the result of production in the San Joagquin basin,

then we estimate average survival through the Delta for the

season to be 52 percent.

Most likely very few of the smolts recovered at Chipps Island

were Irom the San Joagquin kasin as the 1990 escapement in the Zan

Joaguirn bkasin accounted for less than 1 percent of the total fall

run Zertral Valley escapexment /Appendix 8).
Miiatural' Smolt Migration zzte

Migration rate was estimated in 1991 for the unmarked "natural"

snolts migrating from Sacramsnto to Chipps Island. We estimated

that the unmarked "natural" smolts migrated between those two

T about 5.5 mnilez/day. This was calculated based on

locations & 5

23



the early appairent peaks at Sacramento on 4/22 and at Chipps

Island on 5/3 (Figure 4).
Unmarked Hatchery Smolt Migration Rate

About 6,600,000 unmarked hatchery smolts were released at

Princeton between 4/22 and 4/29 and on 5/6. We observed a large

peak of unmarked fish at Sacramento on April 29 and a peak at

Chipps Island on May 6. This translates to a nigration rate of

€.5 miles per day. This is similar to that measurad in 1990 and -

slightly slower than for groups released in 1988 and 1989

(Table 6).

Marked Hatchery S..olts

The peak of the marked group of fish released at Princeton on

May 2, was recovered at Sacramento and Chipps Island 5 and 9 days

after release, respectively. This would yield a nigration rate

of 15 miles per day from Sacramento to Chipps Island. It is

uncliear why the unmarked hatchery fish would migrate so much

slower than the marked fish. Most likely the two groups migrated

at similar rates and that the peak we observed at Chipps Island

for the unmarked hatchery fish may have included some "na*ural"

fich and thus biased our estimates low. Even at 15 miles per day,

migration rates for the unmarked hatchery fish were slower in

24



Table 6. Migration Rates (miles/day) for unmarked “natural" and
hatchery fish migrating through the North Delta from

Sacramento to Chipps Island in 19588, 1989 and 1991 and

from Courtland to Chipps Island in 1990 and mean
Sacramento River flow at Freeport during nmigration.

Kean (o=0) Unmarked Mean

Year "Natural" Sac flow "Hatchery" Sac Flow
1991 5.5 8047 §.5 {15) 6371
1990 4.3 11901 18.5 £§618
1839 9.5 16118 15.0 le02¢0
S8L3 16.0 11800



1991 compared to 1988 and 1989. Estimates for the "natural" f'=sh

also are slower than in past years when our trawling site was at

Sacramento (Table 6).

Flows were extremely low in the Sacramento River at Freeport
during 1991 during migration for both the wild arnd hatchery fish
and may have caused the decrease in the 1991 migration rates.
Past data from 1988 and 1969 also seems to confirm that lower
flows decrease the migration rate through the Sacramento Delta.
In the four years that we have measured the Sigration Tats of
Coleman hatchery ané "natural" fish in the North Delta, we have

found that hatchery fish tend to migrate substantially faster

than the "natural" fish. There are several reasons why this may

occur. Possibly the fish migfating in-the large hatchery group
tend to migrate together as a group and thus arrive sooner to
Chipps Island than the '"natural" fish. also there may be a
stimulating effect by releasing the fish into the warmer water of
the Delta in comparison to that of the hatchery or transport
truck. Generally, more of the fish released from the hatchery
are of snolt size and zctively migrate whereas the "natural' fish

nay be somewhat smaller and their migration slower.

In reality, it is very difficult to accurately measure the

nigration of "natural" and unmarked hatchery fish migrating

through the Delta. The method we have used is very simplistic

and is based on number of days between the peak catches at both

26



locations. The results should be viewed with caution until

hatchery and natural stocks can be separated with a high degree

of confidence.
Coleman Hatchery Smolt Contribution

Wwe estimated that smolts released at Princeton from Coleman
National Fish Hatchery survived at a rate of .45 between
Sacramento and Chipps Island, based on comparisons of survival to

Chipps Island and Sacramento of a coded wire tagged group of

smolts released at Princeton (Table 7). (This compares with

estimates of .64 and .69 for the Red Bluff and Battle Creek tag
groﬁps, respectively.) We also estimated a 79 percent survival
rate between Princeton and Sacramento for the Coleman production

veleased at Princeton. Given that our survival estimates are

reasonable we estimate that about 5.1 of the 33 million fish
tabout 15%) recovered at our Sacramento trawl site, and 2.3

miilion of the 17 million {abou%t 14%) estimated at Chipps Island

ware smolits of Coleman origin.

fiurther evaluate Colszman‘s total contribution to chinoock
rroduction in the Central Valley we need to include the smolts

derived from fry releaszsd from Coleman NFH. For CNFH fry and

1ts relcased at Red Bluff Uiversion Dam in 1987 and 1988 we

0]
]
o]

timated that smolts survived an average of three times that of

fry (a 1 to .29 smolt to fry ratio), and if that is similar to

27
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the survival rate cf fry in 1991 than the 11 millien fry Coleman

planted in Februarv and March of 1991 would equate to about 3.2

million smolts. This would increase Cecleman’s contribution to

the overall producticn at Sacramento to be about 25%.

Winter Run Recoveries

.Cne juvenile salmon within the winter run size criteria (revised

criteria by Frank Fisher, CDFG-Rad Bluff, 2/26/92) was caught in

It was 95 mm and was recovered

4

cur pbeach seine sampling in 1931.

at Elkhorn (Lower Sacranento River area) on March 6.

Becw=2en April 15 and May 20, we recovered 11 juvenile salmon in
our Sacramento midwater trawl that were in the winter run size

criteria, which ranged ke<wea2n 101 arz 1553 millinmeters.

n our nidwater tr

-4

awl at Chipps Isliand, 25 fish within the winter

run size criteria were collected between April 2 -and May 24.

etween 100 and 17¢ nillimeters.

coilected were measursd and

r 79 . v e 3 -~ 4 .
All winter run fish that wers

5 t of a total cf %46 coded wire tagged smolts were

recovered at Chipps Islaad that were also in the winter run size

riteria, which were Inzwn fall run hatchery fish. The fall run

-

0

fish ranged between 1192 znd 1iS nillime*ers and were kept for tag

29



raecovery and decoding purposes. This illustrates the problem of

only using size to determine what is a winter run fish. With
this more recent winter run criteria there was substantially less
overlap with our marked fall run fish than we estimated with

previous criteria (January, 1992) (5 versus 72).

Coded Wire Tagged (CWT) Survival- North Delta

In 1951, the Interagency salmon program released two groups
(100,C00 per release group) of coded wire tagged fish into the
Sacramento River. Both groups of fish were released in late

April at Miller Park (site 1 on Figure 6) to evaluate the effect

of very low flows under low temperatures on smolt survival in the

Sacramento Delta.

Recoveries of the tagged fish were made by dailv midwater trawl
sampling at Chipps Island and at the CVP and SWP fish facilities.
Recoveries at Chipps Island were converted to survival indices
and facility recoveries were expanded to account for the fraction
of time sampled to estimate the +total nuﬁber ofléarked fish

rassing through the salvage facilities. Additiocnal recoveries

will be made in the ccean fishery in future years.

Pelz2ases were made 1n 1951 on April 25 and 239 at the same release

temperature (62 degrees fahrenheit), and resulted in a survival

index of .78 and .49 respectively (Table 8). Flows at Freeport
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for each group, on the day of release wera 7220 and 5760 cfs

respectively and may account in part for the greater survival we

observed from the April 25 group. As mentioned earlier: —

increased flows may increase the migration rate which in turn may

increase overall survival. Additional analyses is warranted on

the role of very low flow on the survival of salmon migrating

through the Sacramento Delta.

Combined exports at the CVP and SWP on April 25 and 29 were 4810

and 4686 cfs respectively and would not appear to account for the

greater survival we observed from the first release group. The

Delta cross channel was open during both releases. Sampling

variability alone potentially could account for the differences

in survival we saw for the two groups.

In 1991 a total of 9 marked fish, expanded for the fraction

sampled (8 and 1 from the April 25 énd 29 releases respectively)

were recovered at the fish facilities from coded wire tagged fish

released at Miller Park into the Sacramento River. This

translates to .004 percent of the total number released of

Sacranmento groups. Although this percent is low many more
are potentially lost due to the various indirect izpacts of tne

pumps before they reach the actual salvage facilities.
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Model Verification

When using our smolt survival model (Kjelson et al., 1989) to
predict survival through the Delta given the environmental
conditions in 1991, we found that our model predicted survival
for the April 29 group very closely, but underestimated the

actual survival index observed on the 25th (Table 9).

Observed estimates of survival were divided by 1.8 to approximate

actual survival as was done in the development of the Kjelson et.

al., model.

Model estimates of annual survival between April and June
This compares to our .52 based on the number of

salmon caught throughout the season and an average estimate of

averaged .28.

net efficiency. However, in our model we had to divide all our

estirates by 1.8 to obtain survival indices between 0 and 1 and

if we similarly divide our observed annual estimate by 1.8 we
estimate smolt survival through the system to be .29.
It rnay be necessary to divide all our abundance indices and

estimates at Chipps Island by 1.8 to make comparisons between the

model and our observed values compatible.

However, the difference ketween our original .52 annual estimate
and the one generated through our model may be accounted for by

smolts migrating past Chipps Island that were not sampled at our
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Sacramento trawl, because they entered the Delta as fry before
our Sacramento trawling began in April. 1In addition some of the

smolts may have originated in the San Joaquin basin and thus

biased our survival estimate high.

In May of 1992, the model was rerun incorporating new data
generated since the original model was constructed in 1989. . The
equations changed somewhat, but the variables within in the model
(temperature, exports #nd the perceht of water diverted at the
Delta Cross Channel and Georgiana Slough) did not change. The
new eguations are as follGWS:
Mortality in Reach 3 (Walnut Grove to Chipps Island via the
Sacramento River)
y= —1.513493 + (Freeport temp. * 0.0319584), r’=.39
Mortality in Reach 2 (Walnut Grove to Chipps Island via the
Central Delta)
y= -0.5916024 # (0.0i7968 * Freeport temp.) 4+ (0.0000434 *
Exports), r’=.69 |
Mortality in Reach 1 (Sacramento to Wﬁlnut Grove)
y= —2.45925 * (0.0420748 * Freeport temp.), r’=.32

These new equations have not been used to generate any estimates

of smolt survival in this repért;

37



Smolt Migration Rate

Our estimates of smolt migration rates of CWT fish released at

Sacramento on April 25 and 29th, in 1991 was 7.5 and 8.6 miles

per day, respectively and was similar to other groups released

from Sacramento in the previous three years (Table 10).
Migration rates in 1991 for CWT groups released at Sacramento may

have decreased because the flows were low and temperatures were

favorable.

Ocean Recovery data from past experiments

Most of the conclusions generated from our salmon work have been

based on tag recovery information obtained with our midwater

trawl at Chipps Island. In order to confirm these conclusions it

is necessary to wait 3 to 4 years to obtain information via adult

recoveries made in the ocean fishery. The "ocean index of

survival" is based on the recovery rates of the marked fish in

the ocean fishery. For exaﬁple théwéstim;tég of survival through

the Delta are based on the differential recovery of the upstream
release site (usually Sacramento or Courtland) and a gfoup

released in the Western Delta (Port Chicago or Benecia). The

latter group serves as a control and factors out the influence of

the Bays and ocean residence..
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Table 10. Summary of migration rates (miles per day as
estimated from CWT salmon released at Sacramento
and recovered by trawl at Chipps Island from.1988
to 1991. Freeport flow is the mean daily flow in
cfs during the migration period to Chipps Island.

Migration Rate Flow @ Freeport
Year {miles/day) {cLfs)
1988 8.9 11792
12.0 12259
1989 11.4 : 13604
11:4° 12748
1990 —9.5 5958
1991 2:5 _ 7220
8.6 5760
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Since 1978, we have been releasing fish near Sacramento and in
later years at Courtland to estimate survival through the Delta.

Figure 7 shows how our ocean index of survival through the Delta

compares with our trawl index of survival. The two indices are

significantly correlated to each other which in turn lends
credibility to both indices for measuring survival (Appendix 3

and Appendix 9). It is uncertain why both indices at times

estimate survival over 1 but could be due to the sampling error

and variability associated with both sampling methods.

To date, we have determined that fish diverted off their main
migration path into the Delta cross channel and Georgiana Slough

have much higher mortality than those allowed to migrate down

the main Sacramento River. Coded wire tagged fish released abuve

the cross channel and Georgiana Slough with the cross channel

gates open survived about twice that of those released with the

gates closed (Tables 11 and 12). We found similar difference

using both our trawl (3.4 to 1.6) and ocean (2.2 to 1.2) index of

survival.

In addition, the difference in survival of fish released above

versus below the Cross Channel with the gates closed, is due to

the diversion impact of Georgiana Slough alone. The difference
between being diverted into Georgiana versus being allowed to
stay in the main channel, is greatest using our trawl estimate (1

to 1.6) but is confirmed with the ocean index (1 to 1.2).
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Table 11. Comparisons of the survival indicies (S;) for CWT
chinook smoltes released in the Sacramento River above
and below the Delta Cross Channel and Georgiana
Slough diversion channels between 1983 and 1989.

Year Above”  PBelow’  BaIow/Above

Cross Channel 1984 0.61 1.05 1.7
Open 1985 0.34 0.77 2.3
1986 0.35 ‘0.68 1.9
+ 1987 0.40 0.88 2.2
1988 0.72 1.28 1.8
1988 0.02 0.34 17.0
1989 0.84 1.19 1.4
1989 0.35 0.48 1.4
1989 0.2 0.16 0.8

Ave., = 3.4
Cross Channel 1983 1.06 1.33 1.3
: 1987 0.67 0.85 1.3
1988 0.70 0.94 1.3
1988 0.17 0.40 2.4

Ave., = 1.6

1/ Courtland Site (3.5 miles above Walnut Grove)

2/ Ryde Site (3.0 miles below Walnut Grove)
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Table 12i Ocean Recovery rates for fish released above and
: - below the Delta cross channel and Georgiana Slough,
from 1983-1989 with and without the ¢ross channel

gates closed,

The ratio between Above and Below

are also shown.
B =y |
Open Above Below B/A
1984 .0058 .0042 w72
1985 .0039 .008s 2.18
1986 .0169 .0194 1.14
1987 .0142 .0201 1.42
1988 May .0091 .0249 2.74
June .0007 .0053 7.6
1989 .0048 .0076 1.60
.0008 .0016 2.00
.0o08

Closad
B 1983 .0039 .0038 .97
1987 .0196 .0312 1.59
1988 May <0114 .0202 1.77
June

X= 1.16
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Both our trawl and ocean data supports our previous conclusions
that their would be substantial benefits to migrating Sacramento
salmon smolts if both the cross channel and Georgiana Slough were

closed. This is a potential structural method for increasing

salmon smolt survival through the Delta.

Other variables significant to Sacramento smolt survival are

included in our model (Kjelson et. al., 1989). Since our ocean

survival. index corresponds so closely to our trawl index, general
conclusions probably would not change. It is more difficult to
use the ocean index of survival in our model as we do not have

control groups for releases in each of the three reaches

identified in the model. We hope to rerun at least part our

model at a future date using our ocean indices of survival to

validate our conclusions.

SAN JOAQUIN DELTA

Past coded wire tag data generated since 1985 has shown in

general that fish released in the San Joaquin River downstream of

the Upper 0ld river junction, survive about 50% greater than

those released into Upper 0ld River (Table 13), as demonstrated

by both ocean and trawl data. This infers that any natural

smolts diverted into Upper 0ld River would have greater mortality

than those migrating down the mainstem San Joagquin. A full
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Table 13. CWT smolt survival indices for suoltes released at
Dos Rels on the main San Joagquin River and in Upper
0ld River between 1985 and 1991. Ocean recovery

rates are ln parenthesis.

Upper 0ld River S8urvived to
Shipps Island {RR/UOR)
4-29-85 .62
5-30-86 .20 (0.011) 1.9
4-27-87 .16 (0.005) 2.4
4-21-89 (High .09 (0.00073) .8
Export)-
5-03-89 (Low .05 (0.00044) 20
Export)
4-17-90 (High .02
Export)
5-13-90 (Low , <01
Export)
Mean .16 1.8
- : Temperature
. Flow at CVP & SWP on Relsase
Dos Reis" Stockton  Export ay
4-22 and 4-23, 1982 = _70 7861 5598 65
4-30-85 - .59 513 6311 70
5-29-86 .34 (0.021) 2514 5386 70
4-27-87 *,38 (0.012) 471 6093 70
4-20-89 (High .14 (0.00062) 112 10297 69
Export)
5-02-89 (Low ; .14 (0.00096) 790 2470 71
Export) _
4-16-90 (High .04 0 9549 68
Export) 2 —
5-02-90 (Low .04 490 2461 68
Export)
4-15-91 (High © .16 60 5153 60
Export)
Mean (85-87, 89-90) .24

i 5 day averages after release date.

Original survival estimate modified based on the ratic of recovery rates
between the Dos Reis and Upper Old River releases.

L& Original survival estimate modified (.60) based on the ratio of recovery rates

between the Dos Reis and Merced River release.
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barrier has been proposed for installation into the head of Upper

0ld River as a management alternative to improve fall run smolt

survival down the San Joagquin River. This would force all of the

migrating salmon down the mainstem San Joaguin and prevent them
from being diverted into Upper 0ld River and directly towz:-ds the

State Water Project (SWP) and Central Valley Projects’ (CV:

pumping plants (Figure 6).

Modeling Efforts in 1991

During the scoping phase of the Bay Delta Water Quality/Water
Rights hearings we were asked to model the potential benefits to
salmﬁn smolts migrating through the San Joagquin Delta of a
barrier at the head of Upper 0ld River under different flow and
export conditions. For comparison purposes we also neaded a
model to represent conditions and smolt survival without the
barrier. Two separate models‘were derived to use witﬁ the DWR -
hydraulic operational studies to estimate the benefits and costs

of installing a full barrier at the head of Upper 0ld River. This

section will summarize how these models were constructed.

The model estimating smolt survival without the barrier was

derived using past adult escapement data from the San Joaquin
basin because we did not have adegquate smolt survival data to
develop meaningful relationships. Adult production is generally

representative of smolt abundance 2 1/2 years earlier. 1In our
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analyses we assumed that smolt survival was an indicator of smolt
abundance and it was linearly related to adult production. This
assumption is generally—true as less of the overall natural

mortality occurs after the smolts enter the ocean.

The index of adult production that was used in our analyses was
defined as adult escapement in year i éivided by parental
escapement in year i—ﬁ. The index also was adjusted to reduce
high escapement contribution by grilse salmon (Bill Loudermilk,

Region 4- CDFG, unpublished draft report, 1988).

In order to relate adult production to smolt survival we divided

each adult production index (api) value by 12 to get values into

a typical smolt survival range of between 0 to 1. The adult

production index from 1969 to 1986 ranged between .2 to 11.09.

Consequently the smolt survival index for the years 1967 to 1984

(year i-2) ranged between .017 to .924.

ThHe smolt survival model was used in conjunction with
California’s Departﬁent of Water Resources’ operational studies
to reflect flow and export conditions under different levels of

demand and resulting salmon smolt survival in the San Joaquin
Inflow and exports

Delta without the installation of a barrier.

were the hydraulic conditions experienced by the juveniles during

their outmigration.
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A multiple regression analyses was conducted on smolt survival

data from 1967 to 1984 (not including 1979) using Vernalis flow

(mean daily flow from March 15 to June 15), combined CVP and SWP

exports (mean daily exports from March 15 to June 15).

The multiple regression was significant (p< 0.01) and the

adjusted r squared was .80 (Figure 8).. The data in 1979 (year

i-2) was not included as it was an obvious outlier. This was the

relationship used to evaluate the effects of flow and exports on

salmon smolt survival without a barrier (Figure 9).

In order to estimate the benefits on smolt survival of varied

export and flow conditions with a barrier another model was

developed. _

In several years since 1985, coded wire tagged experiments have
been conducted to evaluate the difference in survival between

smolts released into Upper 0ld River and intc the main San

- Joagquin River at Dos Reis. Since Dos Reis is downstream of the

junction with Upper 0ld River it served as our best and only data
to estimate survival of smolts migrating down the San Joaquin’
River with a barrier in place. We have noted in past years that
fish do get pulled upstream and are diverted into Upper 0ld River

to the pumps, thus our estimates of survival to Chipps Island

from Dos Reis are probably biased low.
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Figure 8: Observed versus predicted survival, of the relationship
between San Joaquin smoit survival, flow at Vernalis

and exports at the CVP and SWP pumping plants

between 1967 to 1984.
° Indicates oulier (not used in regression).
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Survival

Flow at Vemalis

Figure 9. Relationship between San Josquin smoit survival, flow at
Vemalis, and exports at the CVP and SWP pumping

plants without a barrier at the head of Upper Oid River.
y= (4.90106 +.000286 (flow) - (.000774{exports)))/12



Our data was limited to 8 data points (1982, 1985-1987 and 1989

to 1990) so standard multiple regression analyses was not

_possible. In a linear regression, smolt survival (from-Dos Reis

releases) was correlated to flow at Stockton and a r squared was

obtained of .477 (Table 13). Although this is not significant at

the .95% confidence level, it was significant at the .90% level.

We also believed that export levels affect smolt survival and but

we could not detect a relationship, possibly due to our data set

being so small. Theoretically we desired to estizate the change

in the survival-flow relationship for various export levels. The

historical data was obtained when combined CVP and SWP exports

averaged 6000 cfs (range between 2,400 and 10,200). We

hypothesized that a similar relationship with flow probably would

exist at other export levels and only the intercept of the

relationship would change.

The range between bands in the relationship without a barrier

varied b ' about .10 survival units per 2000 cfs increase in

exports (Figure 9). We have theorized that exports would not

have as great an effect on survival with a barrier as they would

without a barrier because the fish are further downstream where

there is more tidal influence btefore they encounter channels

diverting water south towards the pumping plants. This
hypotheses affected the relationship by narrowing the bands

between export levels at any specific flow level.
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Data in 1989 and 1990 also supports a narrower band, as the
difference in survival ratios of the Dos Reis group divided by

the Upper 0ld River group in those years, between high (~ 10,000

cfs) and low export (-~ 2000 cfs) at generally low flow levels at

Stockton (0 to 800 cfs), indicated roughly a doubling in smoit

survival (.05 units) not a quadruple change (.1 units).

There is risk with relying on the 1989 and 1950 data, as the

results were so low thev may not be represantative of the true

relationship between smolt survival, exports and flow. However,

it was the best available data and thus we used it along with'our

best professional judgement. We estimated that the constant of

the linear regression would change by .05 units of survival for

every 2000 cfs increase in exports (Figure 10).

We supplied the SWRC3 our best estimates of the potential
benefitg to San Joaguin smolt survival under different
environmental conditions using a barrier at the head of 01ld
River. However, it is quite apparent there is a need to

neasure survival under different conditions with the actual

rarrier in place to fully understand the benefits and costs cf

such a neasure.

Scuth Delta CWT Experiments

Aithough there was an effort in April of 1991 to install the
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Upper 0ld River barrier for testing purposes, it was

unsuccessful. An attempt is being made to install it in 1992 to

evaluate its impact on smolt survival under different export

conditions.

Qur 1991 coded wire tag smolt survival experiments in the South
Delta were designed to measure smolt survival during periods of

high and low exports. Our releases were made in an attempt to

assess the changes in survival due to the increased flow of water
(and presumably fish) towards the pumping plants in 0l1d and

Middle River and Turner Cut which would occur if a barrier was

present and exports were not curtailed. Potentially, this

increase in flow towards the pumps could increase downstrean

mortality and needs to be weighed against the benefits of the

barrier, to assess its net value.

Additional groups of fish also were released at .Jersey Point on
the lower San Joagquin River to evaluate the effect of reverse

flows on smolts migrating through the Westerr delta.

Groups cf coded wire tagged fish were released on the mainstem

San Joaguin at Dos Reis, Stockton-Buckley Cove, Empire Tract and

Jersey Point and in the Lower Mokelumne at Lighthouse Marina (see

sites 2, 3, 4, 5 and 6 respectively on Figure 6). Fish were

releascd at sites 2-6 from April 14 to April 19 during a period

of higher pumping and low water tempecratures. The second group



of fish were released at siteg 3,5 and 6 betweer May 6 and May 13
during a veriod of lower pumping and slightly higher water

- temperatures than those observed-in April (Table 8).

Figure 11 illustrates that, during our first release, export and
reverse flow conditions were changing dramatically in a matter of
just a few days whereas migration of all of the fish of a

particular group to Chipps Island takes a minimum of a week, thus

making analyses and interpretation of the data difficult.

Average total exports during the time the release groups were
migrating past Chipps Island were 3222 cfs between April 23 to
May 17 and 2329 cfs between May 11 to May 30. Average San

Joaguin inflow at Vernalis-was 978 and 1102 cfs respectively for

the two time periods.

Throughout our analyses we have used the average conditions
during time periods that most closely represent what the

individual groups of fish were exposed to.

With the exception of the Jersey Point site, releases were nade

on an ebbing tide or high slack for consistency and to assure

immediate downstream migration. Due to the short distance from

Jersey Point to Chipps Island (i2 niles) and potential short
travel time, we had concern that we might miss sampling the

Jersey Point group. Therefore, we released both Jersey Point
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groups on a flooding tide in an attempt to spread their

distribution and to increase their chance of being adequately

sampled at Chipps Island-

RESULTS

Chipps Island Recoveries

April Release Groups

Survival of fish released in April in the San Joaguin Delta and
‘recovered at Chipps Island showed that those released closer to
the western Delta consistently had better survival (Table 14).

Survival from fish released at Dos Reis was the poorest whereas
This seems to

fish released at Jersey Point survived the best.

imply that smolts have mortality throughout their migration to

the western LCelta.

Since Dos Reis is the furthest away from Chipps Island and may
reflect only higher mortality because of the greater distance to
Chipps Island, we attempted to correct our survival indices to

reflect the survival rate in each reach of the San Joaguin River

between Dos Rels and Jersey Point. This was done by dividing the

further upstream survival index by the next lower downstream

site.



1991 temperature corrections to 59 degrees fahrenheit

Table 14.
with effect on survival indices for marked chinook
released in April and May.

Uncorrected Corrected
Release River Temp. Survival Survival
Month  Site Mile (F) Index Index V
Dos Reis 50 60 0.156 0.122
Stockton 39 59 0.245 0.136
Empire Tract 29 61 0.536 0.368
April
L. Mokelunmne 19 61 1.564 0.939
Jersey Point 12 63 1.705 1.087
Stockton 65 0.1%90 0.315
L. Mokelumne 64.5 0.640 0.547
May o
Jersey Point 61 1.694 1.011
April New Hope 26 60 1.630 0.940
65 0.460 0.465

" Uncorrected survival indices were divided by 1.8 before
standardizing for tenmperature. ’



Also among the five release groups, there was some variability

between temperatures on the day of release which ranged between

59 and 63 degrees fahrenheit. Work on the Sacramento ‘elta has

shown that temperature is an important variable affecting smolt

survival in that area of the Delta. To factor out the potential

bias of temperature in our South Delta experiments, we assumed

the relationship between temperature and survival was similar

between basins.

South Lelta survival indices were standardized to one temperature
(59 degrees fahrenheit), using the temperature/mortality -
relationship for Reach 3 of the Sacramento Ri?er between Ryde and
Chipps Island in the Kjelson et. al. model (1989). In order to
standardize for temperature we needed to bring all our survival
estimates to values between 0 and 1, as has been done in the

model. Thus we have divided all our survival indices by 1.8

before standardizing for temperature.

In Figure 12, we have shown the temperature standardized survival

of smolts in each reach throughout their migration to Chipps

Island. The survival rate per mile, also shown in Figure 12, was

calculated by dividing the survival for each reach by the number

of miles in each reach.

The April survival rate per mile between Dos Reis and Stockton

(.08) was actually twice as good as the survival rate per mile
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between Stockton and Empire Tract and between Empire Tract and

the Lower Mokelumne junction (.04).

The survival rate on a per mile basis was the greatest between
the Lower Mokelumne site and Jersey Point and was 17 times
reater than that between Stockton and the Lower Mokelumne
release site. This analyses dgmonstxatés that the greatest
mortality in the South.Delta in 1991 was on the main San Joaquin
River between Stockton and where the Lower Mokelumne River enters

the San Joaquin. This mortality is even greater than that

experienced between Dos Reis and Stockton.

It is not a surprising that the reach between Stockton and the
Lower Mokelumne junction has the greatest mortality, considering
that in that reach the number of diversion channels-off the main

river taking water south to the pumps is greater than in other

areas. Once the fish are diverted towards the pumping plants

their migration is delayed and they are exposed to potentially

greater temperatures, high in channel and Clifton Court predation

and direct impacts of the pumping plants. This analyses suggests

that once salmon smolts reach the Lower Mokelumne junction

mortality is significantly reduced.

Potentially our trawls may be biasing our survival estimates of
fish released nearest to Chipps Is.and (Lower Mokelumne and

Jersey Point releases) by catching clumps of these fish. It is
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likely that the closer the fish are released to Chipps Island the
less they are able to spread out thoroughly at our sampling site.

Confirmation of these survival estimates will be made by ocean

recoveries.

Biosystems Inc., a consulting firm working in the area, released
a group of coded wire tagged chinook'sﬁolﬁs into the Mokelunmne
River near New Hope Marina (see sit. 7 on Figure 6) on April 23.
Although these fish were somewhat larger that our Mokelumne River
relsase, (Table 8) the raw survival index was similar (1.63) to
that experienced by our Lower Mokelumne release group (1.56),
which would lessen our concern that the survival index for
Lowsr Mokelumne and Jersey Point releases are biased high. In
Figure 12, the April tempe: %ure corrected survival estinpates
showed no apparent mortality betwesn the New Hope and the Lower

Mokelumne release site, but may be because larger fish were

released at New Hope which typically survive better.

Mav Releases

The uncorrected survival indices of fish released at Stockton,

Lower Mokelumne and Jersey Point in early May also showed greater

survival the closer the releazse group to the western Delta, with
the Jersey Point group surviving the best and Stockton group the
worst (Table 14). 1If we again-evaluate survival in each reach of

the Ssan Joaquin River at a conztant temperature, we find that



survival was the lowest brtween Stockton and the Lower Mokelumne

release sites and about 2.5 times greater between the Lower

Mokelumne and Jersey Point (Figure 12).

An additional group of fish was released by Biosystems, Inc. at
the New Hope Marina on the Mokelumne River on May 6. This group
of fish showed high survival (temperature corrected) on a per
mile basis down the Mokelumne River in May, even greater than for
the reach between the Lower Mokelumne and Jersey Point. Again
these New Hope fish were scnewhat large: which would perhaps
increase their survival relative to the other CWT groups of fish.

The New Hope raw survival indices appeared reasonable thus

supporting the results wa obtained from the Lowar Mokelumﬁe and

Jersey Point release groups.

Unadjusted mortality for the Jersey Point group was again very

low . in May, as it was in April (Table 14).

April versus May Releases

In Figure 12, we have illustrated the difference in survival
rates, corrected for temperature, between reaches for the two
separate months. The survival rate, between Stockton and the
Lower Mokelunne junction in May (.03), under lower export
conditions was significantly better (4.2 times) than the survival

rate for the similar reach in April (.007) when exports were
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greater (4283 versus 2613) (Table 15). Inflows during the same

time period in the San Joaquin River at Vernalis were greater in
April (1150 cfs) than they were in May (959 cfs) and thus would

not account for the higher survival we saw in May after

correcting for temperature.

Positive flow past Stockton for the Stockton groups during both

April and May was about 100 to 150 cfs and is a function of flow

at Vernalis and exports (DWR, Bulletin #76) We have attributed

the additional mortality in April to the higher exports.

Survival between the Lower Mokelumne site and Jersey Point was

greater in April than in May (about 2 times). It appears all

conditions seemed more favorable in May than in April for the

Lower Mokelumne groups with the exception of flows through the

Central Delta, which were slightly greater in April.

Survival down the Mokelumne River between New Hope Marina and our

Lower Mokelumne release was greater in April than in May.

Conditicns, such as exports, Jersey Point flow and flow intc

Georgiana and the cross charnnel, appeared to be more favorable in

May, and would not explain the survival differences we observed

(Table 15).

Temperatures were lower in April by 3.5 degrees fahrenheit at <he

time cf release. Although we attempted to correct for the

a4



9

£Z9c LZ201 89G€C ‘ €TI0t 6091 | £E0EL Le6 AVW-3IdOH MaN

Shee S69 s 1v0T | £EGCT ot £6o TIMdV-3d0OH M3IN
SWILSASoId

£beEe 696 6GTE £08q oGt Ncwh . €201 LINIOJd A3syu3rc

90%e LYCT $69¢ 206 POST <v69 £9L ] ANWNTINOW ¥IMOT

£19¢ Ige 68GE ereT TLET o6vrL 6046 NOLNDOIS
AVH

vove 0T0T BS8BC . 6L0¢ RT4N 0cLo LS0T INIOd A3syar

18287 09¢ LEG6L T€Le OTvT 8G6L9 orct INHOTINON HAMOT

vioy ‘b95 OLoy 8vGe 991 L989 060T + LOVYL 3I™IdN3

€8y 96d seoy . TELe 64T VEOL 0GTT HOLNDOLS

80¢cd b1¢ | 8904V " Le9g TI9T 1G0¢ 6L0T SI3Y sodq
TIM4V

611¢ 5¢6 v8LE 9T6eT £0¢T SheEo LZTT 6C TIYdY -43TTIN

£90¢€ 6%¥0T 9¢LE Lsle 968 : 96£9 bert1 SC ITUAV- M3TT1W

HHMHNHHHM"HHH“HHWwuwuwﬂHuuﬁmwwuﬂﬂﬂwmwwwmﬁwHﬂwwuwu”HM“HNHHHHM

Aasaap Touuvyn-y y A9ATY oug a0ATY s

‘dnoab 9SPATo2X yora Jo03 pPuetst sddryn je P3I2aAcDal sva
YsTy 3ser oyj 1T3un pue aseataz 30 23vp oy3z usemjioq Duranp Ubnotsg vuribaioan pue
[auueyd s501) eayaq ‘330dooay 'streuaop v SJ9 Ut Mot Ayvuep abviaay gy aTqYlL



influence of temperature, we may be underestimating the influence

of temperature in :he San Joaquin Delta.

Fish released at Jersey Point in both April and May survived at
high levels and were very similar to each other (Table 15).
Although initially we suspected that reverse flows would be

greater during the higher pumping period, comparison of

conditions during the time the fish were observei at Chipps

Island indicated that flow at Jersev Point was very similar

(Table 15). This may ba why the groups of fish aiso survived

similarly.

In both months it is clear that the vast majority of mortality is
associated with the area between Stockton and the Lower Mokelumne

junction and that during times cf higher pumping survival through

that area is much less.

Generally survival for the Dos Reis group of fish released in

April in the San Joaquin Delta in 1991 was better than
experienced by similar release groups in 1989 and 1990 and mos:
likely is attributable to the generally lower temperatures in

1991 (Table 13). sSurvival in 1991 was still lower than that

observed in 1982 and 1985-1927.

Fish Fazility Recoveries

17



We found that the greatest number of fish recovered at the fish
facilities were i.om the further upstream groups, both in april
and in May - generally the inverse relationship from that

observed in survival at Chipps Island (Figure 13). Tﬁe New Hope
releases by Biosystem had fewer recoveries at the fish facilities

than for our similar Lower Mokelumne releases and may be due to

their larger size and the fact that they were released further

from the facilities than the other release groups (Figure 6).

We also saw between 6 and 56 times more marked fish at the Fish
facilities from the April groups then we did for the
corresponding groups released in May, and may reflect the greater
indirect or direct affects of the pumps on migrating salmon

during periods of higher exports (see Tzble 16).

Both our recoveries at the fish facilities and estimates of
survival in 1991 would support a conclusion that being diverted
towards the pumps and fish facilities especially upstrear of the

lower Mokelumne junction, increases mortality of San Joaguin

snolts migrating to Chipps Island.

It is interesting to note that a greater number of marked fish

for all groups, with the exception of the Dos Reis group, were

recovered at the Sta<te Water Project (Table ). This is not
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Table 16. Proportion of tags recovered at the CVP and SWP fish
facilities. Proportions calculated by expansion of
tag recoveries for groups released in the South Delta

divided by the ..umber released.

APRIL MAY RATIO
Release site CVP+SWP CVP+SWP April/May
Jersey Point .0056 .0C01 56
- Lower Mokelumne .0058 .0008 7
New Hope .0012 .0002 6
- Empire Tract .0160
Stockton - .0299 .0012 25

Dos Reis .0776




unexpected since the State Water Projects’ Clifton Court Forebay
is the nearast diversion facility to which the salmon smolts are

exposed when drafted south in south delta channels other than

Upper 0Old River.

We have some indication from trawling at Mossdale that a large
group of the Dos Reis fish (the number recovered in the trawl was

296) were actually carried upstream past the junction of Upper

0ld River and most likely were diverted to the Federal Fish

Facility via Upper 0id River and thus that may be why we saw a

larger proportion of this group at the Federal Facility than at
thé State Facility (Figure 11). This also would have a tendency
to underestimate survival for this group since séme of this group
was diverted via Upper 0ld River where survival has historical

been less. All of our past data from the Dos Reis releases

during low inflow conditions likely suffer this survival bias and
would indicate that the differences between survival of the Dos

Reis and Upper 01d River groups are greater than the raw survival

indices would reflect.

Past research by the Fish Facility Program on predation rates in

Clifton Court Forebay has indicated that losses through the

Forebay for chinook sxzolts can be a high as 85%. If this is

true, the expanded number cf fish diverted to the State Fish

Facility would be much higher. For instance, for the Stockton

group released in April, 2625 and 338 marked fish (expanded for



effort) were recovered at the State and Federal Fish Facility,
respectively. The total number of fish released from this release
group was 99,341. Approximately, 3.0 % of the group was
recovered at the Fish Facilities and survival indices to Chipps
Island was about 25%. To standardize our Chipps Island estimates

to absolute estimates we divide by 1.8. This results in an

survival estimate of 14%. So far we have been able to account

for less than 20% of the total release group. Given that
predation in Clifton Court is 85 $ we can then account for 17,566
more fish, another 18% of the release group for a total
'acébunting of the group of 35%. This would indicate that the
indirect pumping mortality (that occurring in delta channelsj,

before they get to the facilities and Clifton Court Forebay is

significant (in this example 65%).

Model Verification

If we assume that the Stockton release group most represents the
survival of fish migrating down the San Joaguin River if a
barrier was in place, we can then verify the model we have
developed to represent survival with a barrier present. Flow at
Stockton averaged about 100 cfs while exports averaged about
4283 cfs and 2613 cfs in April and May respectively. Our model
estimates that un-er these conditions survival was predicted to

be .24 in April and .28 in May. If we divide these estimates by

1.8, as we have to obtain absolute survival in the Sacramento
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Deita, we obtain .13 and .16 for April and May respectively. oOur

observed survival estimates (corrccted for temperature) was .14

in April and .31 in May. This comparison appears to tell us that

we may have underestimated the impact of exports on salmon smolt
survival through the San Joagquin Delta in our theoretical model.
Additional data gathering and refinement of this model is
warranted to estimate the benefits of installing a barrier for

San Joaquin smolts under various flow and export conditions.

including cur 1991 data and deléting our 1985 data point we
able to find a significant (p<0.01) relationship between

at Stockton ard smolt survival in the San Joaguin Delta

(r=0.89) (Figure 14). We were still unable to see a relationship

with exports at this time.

During the Scoping session of the Phase II Bay Delta Hearing

Process in 1991, we estimated smolt survival through the San

Joaugin Delta during different time periods based on the two

models discussed above and one kbased on escapement in the

Tuolumne River in tho 1940’s. The average estimate for smolt

survival for a criticzal year without a barrier between 1978 and

1530, was .07. Our average neasured survival for 1987, 1989,

1950 and 1991 for fish released in Upper 0l1d River and Dos Reis

was .11. In our recent analyses w2 have divided all estimates of

survival obtained using our Chipps Island trawl, by 1.8.
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y= 0.12257 + .000076 (flow at Stockton)
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Dividing .11 by 1.8 gives an estimate of survival through the San

Joaquin Delta of .06. This is very close to that estimated using

our without barrier model. This is reassuring considering the

assumptions we made to generate smolt survival from historical

escapement estimates.

Conclusions

When evaluating the results of our 1991 study as a means to

predict the benefits of a barrier at the head of Upper 0ld River,

we reached the following conclusions.

1) The group of fish most representative of fish migrating down

‘the San Joaquin River with a barrier in place would be the
Stockton release group. Releases were made in both April and May

~when exports were 4283 and 2613 cfs respectively. Survival after
corracted for the differences in temperature was about twice as

gcod for the low export period. This would indicate that

additional benefits with a barrier can be obtained by decreasing

eXxports simultaneously.

2) The impact of increasing the amount of water drafted from the

Sacramento into the Central Delta towards the Pumping Plants

did not appear to decrease survival of fish diverted into the

Mokelumne from the Sacramento River in 1991. 1In fact the

increase in flow itself in the Mokeclumne system may account for
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the increase in survival we saw for the group released in April
in the Central Delta during the higher drafting peried.

3) Although our data infers that the installation of a barrier
will likely improve smolt survival through the San Joaguin Delta,
it is imperative to recognize that a barrier alone most likely

will not be a panacea to the mortality'problems for smolts

migrating down the San Joaquin. As we documented in 1991,

significant smolt mortality occurs downstream of the proposed
barrier. Additional measures such as increased flows and

decreased exports also are needed to ensure adequate survival

through the San Joaquin Delta systen.

4) It also is critical that the actual barrier be placed into
Upper 0ld River and the survival of smolts migrating down the

river be measured over a wide range of environmental conditions.

FUTURE NEEDS

Results of these and previous studies in the Sacramento-San
Joaquin Delta are being used in the evaluation of the benefit and
costs of both operational and structural salmon protective
measures for the Scoping and Water Rights phases of the Bay;Delta

Water Quality Hearings and in planning for future Interagency

Salmon Studies. This information also is being used in the
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Article 7 negotiations called for in the Two Agency Agreement

between DWR and CDFG and in the proposed State Water Project’s

Delta Water Management Programs.

At the present time, additional work is needed in the Southern

and Central Delta where a greater uncertainty remains in our

understanding of smolt survival. Also additional evaluation is

needed on the impacts’of the pumping plants on fry entering the

Delta and the apparent relationship between adult runs and the

amount of water being expcrted.

Additional studies. on the San Joaquin Delta should include the

following:

1) Evaluating San Joagquin srolt survival under a wide range of

inflow and export conditions.

2) Test the benefit of a full barrier in Upper 0l1d River to CWT
snolt survival under high and low export conditions between

April 15 and May 15. This is scheduled to be tested in

1992.

Define the likely pattern cf migration through the South

(&)
—

Delta under varied flows, export rates and tidal conditions

using hydraulic modelling.
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4) Continue evaluating the efrect of high cross delta flow on

smolt survival through the San Joagquin Delta as would occur

if the SWP would utilize their full pumping capacity of
10,300 cfs. A full barrier in upper 0ld River with high
exports would cause more reverse flows in Turner Cut, lower

Old and Middle river and more closely represent conditions

proposed in the SWP delta alternative projects.

55 Evaluate smolt survival in the San Joaquin Delta at varied

temperatures (60° to 70°F).

The information we have to date implies that the indirect
mortality associated with the pumps is significant. Perhaps
under certain conditions those that live to be salvaged are a
large proportion of those we see thét survive to Chipps Island.
During 1992, the fish facilities committee will be releasing
marked fish into Clifton Court Forebay which may provide a way to

measure the number of survivors at Chipps Island that are a

product of the salvage process. o

Our Sacramento River Delta smol:t nodeling and recent field

studies have been successful in helping us to gain a better

understanding of the potential factors influencing smolt survival

in the Sacramento side of the Delta. This work has identified

data gaps in need of further research. There is a need in the

future:
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to expand our knowledge to other races of salmon and the

1)
impacts of the pumping plants on their survival and
distribution, ==

2) to evaluate smolt survival in the Central Delta under
various temperature and flow conditions, and
to evaluate further the reasons for the high unexplained

3)
mortality in the Central Delta.

In early 1992 the cross channel gates were closed to protect

winter run salmon from being diverted into the Central Delta and

being impacted by the pumps. Additional work is being proposed
to release late fall marked fish in February and March of 1993 to
evaluate the differential mortality'of being diverted into the

Central Delta for the endangered winter run.

The Interagency Fisheries Comnittee has shown interest in an

expandasd salmon monitoring program for all races through out the

Central Valley to run year round. The specific proposal is to be

developed in early 1992 to be implemented by September of that

year. Part of that proposal will evaluate other methods for
monitoring the movement and distribution of juvenile salmon

within the Delta.
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A critical need for the salmon program that is not presently

being met is the need for programming assistance in getting our

.past data edited and stored in a useable manner. We will explore

other ways outside of the Interagency program to accomplish this
task as the priorities within the Interagency have ranked this

item low. It has been typical ih past years, that pieces of the

data set have been extracted and limited editing by non-salmon

project staff was conducted. With our field programs expanding,

the need to address this issue is even more critical.
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appendia 1. Oceen tag recovery rates from CW1/27 saleon fry released in the Upper Sacremento River, Delts
end San Francisco Bey, 1983-1983, (Updated 02-25-92).

Number of Expanded

Size fecoveries in Total

Year cur Number Release Release at Release Ocean by Age Recoveries Recovery

Released (Code Released Locetion pate {tn mm) 2 J > {Expanded) _ .Rate
1980 H5-3-1 25617 Below RBOD  2/29/30 L7 31 19 23 204 0079463
H5-3-2 22574 L 2/29/80 &7 9 W&r_ 5 160 .007088

H5-3-5 217846 " 3/12/80 45 28 @89 24 162 006517

H5-3-4 21836 " 3712/80 45 6 128 8 162 006503

Total® 91813 648 007057

H5-2-6 22215 Clarksburg 2/25/80 50 6 27 0 33 .001485

H5-2-7 21624 L 2/26/80 50 2 65 0 71 .003283

H5-3-3 256012 " 3,/07/80 14 2 37 2 &1 001576

H5-3-4& 20808 " 3/07/80 - &b 9 &2 1 52 ,002409

Total® 90659 197 .002172
H5-2-4 21937 Berkeley 2/20/82 - 0 1 0 1 .0000455
KS5-2-5 20726 " 2/25/89 45,4 0 0 1 1 .0000482
Total® 42663 2 .0000468

1981 HE-1-1 39905 Below RBOD  2/04781 41 17 38 S 59 001478
H&6-1-5 L7019 " ©2s27/81 40 6 53 3 80 .001701

Total™* B4924 139 .301599

H&-1-2 40916 Isleton 2/12:8%1% %5 1 19 o} 20 .080489

H3-1-6 L5949 u 3/54/81 43 11 58 4 3 .001588

Total® 86865 93 .001070

H&-1-3 45193 Mokelume R. 2/20/81 L4 2 N 0 13 .oocz2s7

H5-1-7 45796 " " 3706781 43 10 25 0 38 .000784

Total® 90981 ) 49 .000539
H5-1-4 49705 Berkeley 2/25/81 L4 0 6 o} -] .0001207
K6-2-1 36901 » 31181 3 0 0 1 1 .0000271
Total~® 85606 _ 7 .0ooo8o8

1982 H6-2-2 41753 Below RBOD  2/05/82 &b 10 150 & 166 .003975
H5-2-6 43673 " 2/25/82 44 9 115 23 17 .003345

Total® 85426 i3 . 003664

H6-2-3 43248 lsleton 2711782 44 12 20 2 34 .Co0784

H6-2-7 40508 " 3/02/82 45 3 5 4 1n .000271

Total® 83756 45 .000537

H&-2-6 43849 Mokelume R. 2/17/82 ¢3 0 3 9 17 .000387

H6-3-2 L1470 o 3/10/82 L4 3 1% 3 21 .0C0506

Total® 83319 38 . 000445

H5-2-5 L0699 Berkeley 2/22/82 &4 0 1 5 ] .000147

H6-3-1 39321 u 3/c8/82 44 1 0 ¢ 1 .000025

Total™® 80020 7 .0coos7

1983 H5-3-3 45805 lsleton 3/C4/23 45 0 7 1 8 .000173
H&-4-2 %7518 " 3/29/83 49 0 25 32 .000673

Total® 93323 40 000429

H5-3-4 43541 Courtland 3799783 47 0 19 0 19 .0C0391

H4-4-3 48501 » 3731783 51 0 41 23 81 .001257

Tctal® 97042 80 .060412

H45-3-5 45960 Mokelumne 3714783 48 g 12 3 12 .00C261

Hé-4-1 L7367 L 3/¢4/83 47 0 34 5 40 .000844

Total® 93327 52 .000s557

H6-3-6 47677 Old River 317783 - 49 10 35 12 55 .001153

H6-3-7 48580 " 3/22/83 43 0 55 2 57 .004173

Total* 96257 112 .001163

1984 HE-4-4 43883 gelow RBODD  3/G2/84 L5 27 76 3 104 .002370
HG-5-4 47855 " 3/23/84 48 9 218 N 238 .004970

Total® 91738 342 .003720

Hb-4-5 LBL60 Courtland 3/05/84 45 1 L6 g 65 - ,001341

Hf-5-3 LR157 L Js21res 48 25 131 22 178 .0035696

243 .002515

lutal® G617

HA



APREwdIR 1w L)

1985

1986

1988

Hb=-4-6
H6-5-
Total

K6-4-7
H6=5-1

H5-3-7
N5-4-1
Total®*

H6-5-5
H6-6-5
Total®

H6-5-6
H5-6-4
Total®

H6-5-7

H56-6-3
Total®

85-14-01

43445
46767
92232

52635
52748
105383
51075
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48733
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Battle Creek

Below REDD
(1]

Courtland
"

Ryde
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Courtland
[

Ryde

“
Battle Creek
Below RSOD
Court!land
Battie Creek

Below RBOD

3708784
3/719/84

3/712/84
3/14/84
3/13/85
3/13/85

2/16/85
3/14/85

2/19/8%
3/07/85

2/21/85
3/05/85

2/25/85
2/28/85
3/18/856
3/19/86
2/27/86
3/16/8%

3/046/86
3/12/86
3/12/87
3713/87
3/05/87
2/19/88
2/22/83

49

50
49

47

&7
48

&9
46

T 47
47

48
46
50
50

45
50

’
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. 51
52
50
45

45

81
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oW o o

14

.13

32
23

135
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33

60
126
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80

39
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172
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65
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(=2

(=1 + 3
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~No

—
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&
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~
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Gz g
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o
(=]
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o
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n
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~n
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.001781
203014
.002406

001446
.000845
.000412
,000433
.000421
.001505
,003765
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.001933
.001692
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.001687
001918
.001304
.001259
.001485
.001374
.004302
.008109
.000412
.001579
.001012
.001577
.002389
.001983
.001405
.002171
.000575
000353

.002280



150

P
c/}{ Fall run | /“\
/ f?T\_— /
[ od |
100F [/ . | ‘ \
. | Winter run P
4 — \
L &) /
A / !
- B p
= N . N

i d 1 H
1867 1968 1871 1873 1875

Y . U

I
1977 1879 1881 183 1886

YEAR

1987 1088

Appendix 2: Adult chinook salmon passing by RBDD (Red Bluff

Diversion Dam) of f:all, late fall, winter and spring races
between 1967 and 1930.
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Appendix 4: Fall-run chinock spawning escapements in the American River

batween 1952 and 1990.
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Appendix 5: Fall-run chinook spawning escapement in the Feather

River between 1953 and 1990.
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Appendix 6: Fall run spawning escapements in Battle Creek

betv}aan 1952 and 1990.
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Appendix 7: Natural fali run spawning escapement in the Sacramento

River between 1353 and 19390.
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8: Total natural fall run spawning escapement

in t.e Stanislaus, Tuolumne and Merced Rivers between 1952 and 1930.
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